This paper reports the study of micro-processes in a novel pre-treatment technique using a pellet forming batch flow vortex reactor of cylindrical shape that consists of axially revolving rotor plates between fixed stator plates. The suspension was first mixed with high molecular weight synthetic polymers by stirring for approximately 50 seconds and then agitated for 20 minutes. The process was optimised for a number of operating conditions including polymer type and dosing regimen, rotation speed, wall-plate gap distance, residence time and suspension filling method. The results of the investigation show that optimising a number of process variables that influence floc formation and growth, along with specific apparatus construction and geometry, help to maintain the suspension in a metastable state that is crucial for the formation of pellet-like compact agglomerates with better dewaterability and uniform aggregate size. A maximum dry solids content of 28.3% after gravity dewatering through a 0.5 mm sieve was recorded during the investigation, with a maximum particle removal efficiency of 97.5%.
that are tailored to the specific processing equipment. In order to make a significant breakthrough in this field, more work is needed to improve our understanding of the complex fluidparticle interactions in these reactors so as to take full advantage of their potential for improved solid-liquid separation. Pelleting flocculation, an offshoot of classical orthokinetic flocculation, is an effective structure formation process based on the 'meta- 
Aggregation process in sheared suspensions
A shear reactor or flocculator is typically used in laboratory flocculation experiments in which the shear rate must be precisely determined and strictly controlled. In most of these devices, the flow is largely turbulent (Krutzer et al. (1) and (2)).
The (3) and (4)), although the expression for laminar flow condition is more accurate owing to the complex nature of the turbulent flow.
The size of aggregates varies from molecular dimensions to a range that is visible to the unaided eye, with the smaller sizes being associated with the primary particles of diameter d p , while the largest size 
where A and B denote smaller and larger particles, respectively.
Several theoretical and empirical models have been proposed to account for the hydrodynamic stress exerted on particle agglomerates and their cohesive strength ( 
The In the past, shear flocculation studies were mostly con- Table 1 ). The solids content of the pellet flocs and the particle removal efficiency R x , which is a measure of the efficiency of particle removal from the slurry to the solids fraction, were then determined according to Equation (15 
Agglomerate preparation and characterisation

RESULTS AND DISCUSSION
Optimisation of separation process variables
In optimising the processing technique, the main aim is to realise the rolling and collisional effects necessary for the pelleting flocculation process by generating a Taylor-like vortex within the rotor-stator plates. The agglomeration process was randomly optimised for a number of process variables and reference points using factorial experimental design to select the optimisation points (Table 2) Rubio ). The former is determined by the turbulence conditions, whereas the latter depends on both the physicochemical conditions and structure of the flocs. The hydrodynamic parameters for the reactor are given in Table 3 . Power input into the reactor is determined from torque, measured directly from the shaft of the motor attached to the shearing device that provides the axial rotation.
The stream pattern of the turbulent flow, which can be characterised by the velocity and eddy scale (Boller & Blaser ), and its effect on the pre-treatment process was observed both visually and with the aid of a digital camera.
The observations showed that the path of the agglomerates' 
Effects of micro-processes on the process efficiency
The effect of the micro-processes on the flocculation performance was investigated by assessing the clarity of the reactor supernatant and the particle removal efficiency R x after gravity dewatering at intervals of 5, 10, 15 and 20 minutes. The results of the observed turbidity values and the particle removal rate at time intervals of 5, 10, 15 and 20 The observed trend in the turbidity measurements with respect to residence time can be attributed to an increased floc attachment and growth that allows micro-particles to be incorporated onto the macro-flocs, which in turn results in lower turbidity. With respect to the agitation speed, the observed reduction in turbidity can be attributed to the increased flocculation kinetics. It has been reported that increases in agitation speed also increase the shear rate, which promotes particle-particle contacts and floc growth up to the steady state condition, and results in improved par- In contrast, there seems to be no correlation between solids content and removal efficiency R x ; in fact, contrary to what might be expected at a lower solids content, there is a higher removal efficiency. One possible explanation for this might be that the pellet flocs with higher removal efficiency are more porous and less dense than those with lower removal efficiency. This would explain the reduced solids content after thermal treatment to remove the pore water. In addition, it has been reported that an increase in pore space or porosity leads to a decrease in agglomerate density (Walaszek & Ay ) .
The observed process efficiency for this pre-treatment technique appears to compare favourably with conventional solid-liquid separation techniques (Mahmoud et al. ; Carissimi & Rubio ) . In addition, the optimum polymer dosage values of 3 kg/t TS obtained in this investigation appear to be much lower than those reported elsewhere, although a different substrate was employed for their study (Sievers et al. ) .
CONCLUSIONS
This paper presents an evaluation of the effect of microhydrodynamics and physicochemical micro-processes on the aggregation of a model suspension. Results of the investigation showed that the effectiveness of the aggregation process is highly dependent on an optimum combination of several process variables such as the polymer type, concentration and dosing regimen, agitator rotation speed, wall-plate gap distance, residence time, suspension loading method, reactor geometry and stirrer type. Floc splitting, fracture or bulk rupture was identified as the main floc deformation mechanism as shown by lower particle removal efficiency R x with respect to residence time. The highest particle removal efficiency of 97.5% was attained at mixing speeds of both 145 and 165 rpm. These data confirm that optimised micro-processes during the aggregation of slurry are a crucial step in the formation of compact pellet agglomerates. It is anticipated that future studies will address the process performance and flow characterisation for a continuous reactor system.
